Previous work by our group has demonstrated that an auditory presentation -verbal response working memory task (a version of an n-back task) can be successfully employed in simulation and on-road driving contexts to produce graded levels of cognitive demand. This has most clearly been documented in terms of changes in physiological measures of arousal / activation and has led to a number of research groups adopting this n-back task to study the impact of added cognitive demand on various aspects of driving relevant behavior.
Introduction
The AgeLab simulator running STISIM Drive v.2.08.02 on a 8' by 6' projection screen providing approximately a 40 degree view of a virtual world at 1024 x 768 pixel resolution. Primary task instructions and auditory stimuli are all presented under program control for consistency of presentation.
The primary intent in Segment B was to assess the extent to which varying the inter-stimulus interval of a 1-back task provides a useful model for studying one timing aspect of pacing in an auditory presentation -verbal response HMI interface. Looking across self-reported workload ratings, SCL, and heart rate, we are tempted to see a trend suggesting a modest advantage in the 2.25s interval used in earlier studies. This would fit a hypothesis that both speeding-up or drawing-out an interaction from an optimal point increases demand. To the extent that this is true, the effect is subtle as we have tested it here and the fixed memory demand aspects of the n-back may not be ideal for modeling this. Follow-on studies are currently underway or planned to assess other variations in interval duration and a comparison of fixed vs. self-paced responding. The self-reported workload ratings collected in Segment A establish concurrent validity with physiological data for the use of the 0, 1, and 2-back levels of the n-back task as a method of inducing graded levels of cognitive demand. In addition, heart rate and SCL values indicate that the "blank-back", where a driver is asked to just listen to numbers, also produces a distinguishable physiological response. It is interesting that this is not the case for self-reported workload; drivers clearly do not report that they are being impacted by this "simple" demand. However, heart rate and SCL suggest that there may well be attentional and/or cognitive costs for even this seemingly modest demand on the driver.
Conclusions
Also apparent is a divergence in the direction of SCL and heart rate between baseline and "just drive" reference periods and the "just listen" blank-back condition. This is an excellent example of a "sensory intake" state as described by Lacey et al. where SCL increases and heart rate decreases during attending to stimuli vs. a "sensory rejection" state with active memory load as in the 0, 1, and 2-back. This demonstrates that while increases in heart rate can reasonably be interpreted as evidence for an increase in arousal, the lack of an increase or a drop in heart rate cannot automatically be taken as evidence for its absence. This is one of the reasons why we also collect SCL in research applications.
